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TEMPLIFIER

HEAT PUMP

Tony Conigliaro
James A. Rankin & Associates, Inc.
2351 Grissom Drive
St. Louis,

Missouri

The congress has legislated into being a
national energy policy; the first of many to
come. A policy that is long overdue for we,
as a nation, have in the past given little
thought to our country's energy supply.
Today the reality of the situation is
becomming more and more apparent to more and
more people.
We cannot continue at the
energy arowth pace we have in the past and
still maintain a healthy and growing economy.
It is essential that concentrated effort be
directed to:
1.
2.
3.

at $30.00 per ton is $2.00. These are only
average numbers, but they are representative
of the unit costs that are common today.
We can see that electric boilers are non
competitive from an operating cost standpoint.
But there is another way of applying
electricity to the creation of useful heat and
that is the heat pump. Several years ago, a
Westinghouse feasibility study indicated that
an industrial heat pump would be competitive,
so work began on an industrial heat pump
which was named the Templifier...Short for
temperature amplifier.

Significant energy conservation.
More efficient energy use.
Substitution of domestic available
resources - coal and nuclear energy for the needed increased energy supply.

The decision to proceed with the templifier
development was also based on several key
projections which proved reasonably correct.
These include:

The national energy policy rightly addresses
having coal assume a major share of the load
carried by gas and oil.
However, there is a
basic strategy which is uniquely capable of
solving much of the dilema.
That strategy is
to shift from our present oil/gas combustion
energy economy to a coal - nuclear electric
energy economy.

- The concern by an increasingly large number
of forward thinking industrialists for
their fuel supplies, considering
Gas curtailments.
Forecasted boiler gas cutoff by 1980.
The unpredictability of oil pricing
and oil availability.

A review of the major end uses of energy
reveals that for the near future the greatest
potential for substitution of coal and
electricity in place of oil and gas is in
heating. Just three functions - space heating,
process heat in industry and water heating account for 42% of all energy at the point of
use and over 70% of this from oil and gas.

- Many industrialists increasingly vieTTinrr
electric power as the reliable energy now
and in the future.
- Fuel is not only conserved by the heat
pump but operation is economically
attractive.

If we achieve any significant reduction in
the demand for oil and gas, it must be done
in these areas, and innovative approaches are
needed. However, these new approaches must
be keyed to the premise that coal and nuclear
power are the only sources of energy that are
both plentiful and technologically available
on a large scale, and can be competitive.

- Thermal polution can be reduced, and
finally,
- The national energy policy could be
expected to mandate conservation, increased
efficiency and substitution.
The Templifier makes wise use of energy by
recovering the energy in waste heat, amplifies
the temperature of this heat by use of the
compression cycle and delivers useful heat in
a process fluid.
It is a non-reversing heat
pump - not to be confused with a residential
air-to-air reversible heat pump.

Electricity generated from these sources is
the most practical way to use these fuels;
as well as geothermal, hydro, winds, tides
and probably even solar.
Electric boilers are a potential substitute
but their operating compared to fossil-fired
boilers has been too high for the electric
to achieve significant use. To provide a
million BTU per hour, an electric boiler
would use 293 kilowatt hours which, at 2H
cents per kilowatt hour, would cost $7.33 per
hour. A gas boiler with gas at 18 cents per
therm, would cost $2.40 per hour.
Oil at
40 cents per gallon would cost $4.14. Coal

For example, a Templifier extracts three units
of heat from a waste stream, adds 1 unit of
electric power to do the temperature amplifying
and delivers 4 units of useful heat output.
The measure of this heat pump's effectiveness,
called coefficient of performance or COP, is
4 units of useful energy out divided by 1 unit
of purchased energy in for a 4 COP.
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As heat output is usually measured in British
Thermal Units or BTU and electric power is
measured in kilowatts- the actual formula is
BTU output divided by KK input converted to
BTU by the factor 3412 BTU per KWH.

The templifier heat pump addresses itself not
only to the shifting away from oil or gas but
also fuel conservation.
The templifier
concept reduces the consumption of primary
energy for each unit of useful heat delivered.
A templifier operating at a COP of 4.5 requires
only .72 BTU of fuel at the power plant to
deliver 1 BTU of useful heat. Compare this
to a fossil fired boiler operating at a 70%
system efficiency.
It consumes 1.43 BTU of
fuel to deliver each 1 BTU....Twice as much
primary energy as the templifier...Tons of
coil, barrels of oil.

The thermo dynamic cycle to do this work is
not a new invention.
Today there is a wide
spread use of water chilling units to provide
45°F chilled water for air conditioning all
types of buildings, the cycle depends on
evaporating a refrigerant at about 35°F which
vapor is compressed to a temperature level of
105°F where it is condensed to a liquid,
expanded through a pressure reducing valve
back to the 35*F level to complete the cycle.
Usually the rejected heat of condensation is
a 95°F water stream that is sent to a cooling
tower and returned to 85°F to pick up more
heat.
The templifier cycle is essentially the same
except the working fluid or refrigerant is
changed and the temperature level raised, for
example, a templifier might start with 95°
water that would be otherwise wasted to a
tower, cool it to the 85° level by evaporating
refri9erant at 75°. This working fluid vapor
is then compressed to 160° passed thru a
condenser to become 160° liquid.
The heat of condensation is picked up by a
140° warm water stream returning from a
heating load and heated to the desired 150°,
and sent back to the heating load.
The 160°
liquid refrigerant is expanded back to the
evaporator to complete the cycle. The
coefficient of performance of the cycle
operating at these temperatures is typically
4.5; equivalent to an energy efficiency of
15.4 BTU watt-hour.

Let's take a look at what real life templifiers
look like. This installation is right out in
the plant close to the point of use.
It is a
two stage unit producing 1.4 million BTU's
per hour of 180&F water from a heat source
that can be as low as 70°F and with a COP of
3.1. The primary heat source is cooling
water from a battery of electric welders.
It
furnishes hot water to a degreasing tank and
a bonderizing line.
This single stage centrifugal unit is used for
lower temperature lifts, and consists of
evaporator, condenser, compressor, control
panel, lube system, and interconnecting
piping, all factory assembled, charged and
load tested.
Centrifugal capacities range from about one
million up to about 18 million BTU's per
hour in a single unit.
That represents
hoursepower rating of from under 100 up to
1200 HP.
This versatile little package is a reciprocat
ing compressor templifier.
To be redundant,
it also is factory assembled, charged and
tested. These reciprocating templifiers are
designed to operate with source water
temperature to the evaporator of between 60°F
and 140°F.... Leaving delivered hot water
temperatures of between 110° and 220°F...And
capacities from under 100,000 to about one
million BTU's per hour. This templifier
replaced the electric resistance water heater
seen in the background and, by reclaiming
heat from the computer room air conditioning
system, furnishes all the service hot water
in this 300,000 square foot office building.

Where the temperature difference between the
waste heat source and the hot delivery water
is about 85°F, two stages of compression are
required. This schematic illustrates a
templifier designed to deliver 180°F hot
water when supplied with 90°F waste heat
source water. The general arrangement is
very similar to what we've looked at before
except for the addition of a second compressor
and pressure reducing valve...plus an
interstage flash collector tank to increase
the cycle efficiency. A unit such as this
has been operating successfully since May
1975 in an industrial plant.

This family of curves pretty well describes
the operating characteristics of the
centrifugal templifiers.
Source water inlet
temperatures are along the horizontal scale
from 60°F to 160°F. The various curves
represent delivered hot water temperatures.
The vertical scale reveals the expected COP
as a function of the source and delivery

Another important aspect of the general
concept of the templifier is in the area
of fuel conservation.
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water temperatures.

the heat pump.

These curves graphically demonstrate several
important aspects of heat pumping...Match the
delivery temperature as closely as possible
to the load requirements and keep the
temperature lift as small as possible.
Temperature lift...The difference between
leaving evaporator water and leaving condenser
water directly effects COP and COP, as we will
see directly, effects the cost of operation.

Applications of the templifier are so diverse
it is impossible to enumerate them all in the
time available - besides, new ones turn up
every day.
Rather, our purpose here is to
show you some general ways to fit the
templifier into your own situation.
The
specific heat sources and heat loads are not
detailed.
Let's look at various types of
source heat and heat loads and how to use
them.
For the sake of clarity, drains, vents,
expansion tanks, bypasses, isolation valves,
etc. have been omitted from the following
schematics.

Application of the templifier is extremely
varied but there are a few basics to be
considered.
Like checkers, the rules are
simple but it takes thought to play the game
well. Obviously you need a source of waste
heat in fluid form.
The higher the temperature
of this heat the better.
A simultaneous need for heat in fluid form
must also be present.
Any time you are
extracting heat from the waste stream you
must have some place to put it, and conversly
any time we need the high temperature heat
you must have source heat available.
There
is always, however, the possibility of thermal
storage at either end.
For economic reasons, it is preferred to have
as many hours of operation per year as possible.
Naturally the more the hours of operation the
better the return on investment and payback.
We keep referring to "Waste Heat", let's get
specific about where to look.
At this point
I hope you are all searching through your own
experience as to where you can lay your hands
on this bonanza...These millions of BTU's
that are literally evaporating into thin air
or being thrown down the drain.
For starters, consider vapors from distillation
processes, warm water effluents, refrigeration
and air conditioning equipment cooling water,
process equipment cooling water such as air
compressors, molders, quench tanks, welders,
extruders. Anything that is rejecting heat.
Hopefully your imagination can easily add to
this list... Including the use of solar
collected heat.
Hvery day brings with it new applications for
the templifier.
Its versatility is amazing.
We could literally spend hours discussing
applications.
Here is a list to start you
thinking.
See if any of these fit your
situation.
(Pause)

There are several things to remember when
recovering heat from effluents.
We don't
want to constipate the process.
Provide a
valved bypass round the evaporator so that
the tube side can be serviced without flow
interruption.
Secondly - the effluent must
be compatible for use in shell and tube
exchangers.
Waste streams often tend to be
contaminated chemically or with solids.
Special materials of construction such as
stainless steel can be provided additionally
there are several applications of this type
where the incentive was heat removal and the
cooling of effluent to overcome thermal
pollution objections.
The production of
high temperature heat was a bonus.
Frequently we deal with large flows of waste
heat and the required heat load is relatively
small.
The evaporator can be piped in this
way - with either a balancing valve or a
secondary pumping loop. Since the COP is a
function of the working fluid evaporating
temperature it is desirable to use a high
flow-low temperature difference in the
evaporator.
For example the cooling tower
might be designed to cool from 95°F to 85°F
but the templifier might be designed to cool
from 95° to 90° giving us a 5° higher
evaporator temperature.
The 90° water
leaving the templifier would mix with the 95°
water on its way to the tower.
If the heat
load varies, the amount of heat removed from
the source water in the evaporator will also
vary — this arrangement allows the tower to
always make up the difference.
Note that the concept is different in this
case as compared to the first.
Here we are
doing useful cooling work on the source water
as compared to removing heat from an effluent
that is being dumped.
The heat source would
be cooling water for process equipment such
as welders, air compressors, water cooled
furnaces or frequently air conditioning or
refrigeration condersers.

Of course most anywhere you look - domestic
pt service water heating, space heating and
toiler feed water heating can use help from
12

also provide a standby function.

Another interesting application is where heat
is recovered from exhaust air streams-- off
process rather than ventilation exhaust from
a conditioned space. The latter is generally
too low in termperature for good Templifier
application. Separate coils or a packaged
recovery unit can be used. The exhaust heat
is transferred to a water loop that provides
the heat for the Templifier.
The possibility
of entrained solids, lint or corrosive
chemicals in the exhaust must be looked at as
with any waste stream. Additional filtering
may be required.

Sometimes the heat load becomes the heat
source, for example you may heat city water,
use it in a wash process, take the heat back
out in the Templifier and then dump the water.
This arrangement requires an auxiliary heater
to get the system started - once the water is
heated, the Templifier has a source and takes
over.
Since many applications are retrofits, the heat
exchanger is already on the job and no
additional investment is required.

Several installations have been made using a
Templifier in conjunction with water-to-air
heat pumps. The loop generally is held
between 70° and 80°F and becomes the source
heat for the Templifier.
In one case we are
heating make-up air, in another providing
hot service water for the Jacksonville Hilton
Hotel. This marriage of water-to-air and
water-to-water heap pumps is most effective
when there is a greater annual cooling load
compared to heating. This application will
be widely used in the future with our nations
energy policy focusing on conservation.

Now that we understand the Templifier's
characteristics and how it operates, lets take
a look at how a solar collector performs. The
standard way of describing collector efficiency
in percents. The x axis is a combination of
two factors. Delta T and I. Delta T is
essentially the difference between the
temperature of the collector's absorbing plate
and the outside ambient temperature.
I is the
amount of insolation or brightness of the sun
in BTU per square foot per hour. On this
slide we have assumed I equals 250 BTU per hour
which is a fairly bright sun. If our purpose
is to deliver 180°F hot water, the plate
temperature would be close to that. As you
note we have selected 50°F as outside ambient.
Under such conditions the efficiency of the
collector is 30%. If the collector were now
operated to produce hot water at 95°F, using
the above weather conditions, it would
operate with an efficiency of 60%. That is
twice the efficiency of its operation at 180°F.
It is this fundamental characteristic of
collectors that we exploit in the SolarAssisted-Templifier system where we gather the
heat energy at low temperature, about 95°F,
but at high efficiency, and then amplify that
temperature to the required temperature of
180° through the Templifier heat pump.

Up to this time we have been looking at
various techniques for handling source heat.
I would like to spend some time now looking
at the heating side of the Templifier.
When
there is an intermittant flow of hot process
fluid or water, such as batch processes or
service hot water applications, a storage
tank is generally required. One way to pipe
it up is shown in this sketch. While we are
on the subject of storage tanks, it is well
to note that they can be used effectively with
the Templifier to provide demand control.
The templifier can be piped to and from the
storage tank as a side arm heater Maintaining the tank at a given temperature with the hot water drawn off as required.

Let us compare the basic schematics between a
solar only and a Solar-Assisted-Templifier.
In both cases we are trying to deliver hot
water at 180°F. The water then returns from
the load at a temperature of 170°F. With the
Solar-Assisted-Templifier, we can absorb
solar energy from the collectors at
temperatures between 60°F and 120°F, and store
it in the storage tank. The Templifier can
accept that range of temperatures from storage
and still deliver a constant temperature of
180 F, if flat plate or evacuated tubes are
used as a source for solar only systems, there
is usually a heat exchanger in the storage
tank if anti-freeze is used in the collector
loop. Assuming an approach temperature of
15 F for the heat exchanger, the collectors

Our purpose here is to talk about auxiliary
heaters that may be required for several
different^ reasons. For example standby if there is no redundancy built into the heat
pump, system and the heating mission is
critlcal, it makes good sense to have a
standby heater available.
Or, the heat source may be insufficient all
°r.Per^ ° f,the time to Provide enough heat to
match the load. Hence a supplementary heater
is required to top off the heating job. The
heat load may have infrequent peaks intelligent design might lead us to size the
neat pump as a base load machine and handle
the peaks with the auxiliary heater - It can
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must delivery temperatures between 195° to
255°F to get the same amount of stored energy
in the storage tank as is the case for the
Solar-Assisted-Templifier. Therefore, the
solar only system is operating at a much
higher Delta T/I and lower efficiency than the
Solar-Assisted-Templifier. As a consequence
the solar only system, using evacuated tube
collectors requires 8,390 square feet of
collector whereas, the Solar-AssistedTemplifier requires about half, or 4,500 square
feet of flat plate collector.

In summary, as this slide depicts, when a
Templifier is coupled with a solar array
system, about half of the solar collectors
can be eliminated.

To make an economic analysis between a
Solar-Assisted-Templifier and Solar Only
system, we made the following assumptions.
We assumed a load of about 400,000 BTU per
hour, operating for 16 hours a day. We
further assumed, based on analysis, that a
double glaved solar only system would run
about $43.00 per square foot, an evacuated
tube solar only system, $57.00 per square
foot, and a single glazed Solar-AssistedTemplifier about $35.00 per square foot
includes the cost of a Templifier.
Electricity was assumed at an industrial
rate of 3<? per kilowatt hour.

Although it takes a magician to saw a woman
in half, you can use a Templifer to cut solar
costs in half today.

The advantages of a Solar-Assisted-Templifier
are that it requires up to 60% fewer
collectors compared to a solar only system,
and significantly lower first cost. You can
use smaller arrays, ideal where roof area is
limited, and you can use less expensive
solar collectors.

Thank you very much.

These are the results of calculations
assuming a requirement of either 135°F hot
water or 150°F hot water or 180°F hot water.
Let's look at the 135°F hot water case first.
A Solar— Only system would require some
8,000 square foot of collector, and a
Solar-Assisted-Templifier would require 4,700
square foot or 41% less. The cost of the
Solar-Only system would be about $344,000 and
the Solar-Assisted-Templifier $164,500 for a
potential saving of almost $180,000 dollars.
Now it is true that there is an annual cost
for operating the Solar-Assisted-Templifier
which is greater than that of the solar only
system by about $3,300.00.
If you were to
take the $179,500 saved and invest it at
about 10%, the interest earned would be
almost $18,000 a year, which is a factor of
5 to 6 greater than the cost of operating the
Templifier. Looking at the 180°F case, the
results are even more favorable to the
Solar-Assisted-Templifier. Here a solar only
system requires 11,500 square feet, where as
the Solar-Assisted-Templifier requires but
4500 square feet, a saving of 61% in area.
The potential cost saving of a Solar-AssistedTemplifer in this case would be $337,000.
If
you invest that at 10% the $33,000 interest
would more than pay for the $4700 required to
operate the Templifier.
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